Yersiniosis is strongly associated with the consumption of pork contaminated with enteropathogenic Yersinia enterocolitica, which is harbored by domestic pigs without showing clinical signs of disease. In contrast to data on Y. enterocolitica isolated from conventionally reared swine, investigations into the occurrence of Y. enterocolitica in wild boars in Germany are rare. The objectives of the study were to get knowledge about these bacteria and their occurrence in wild boars hunted in northern Germany by isolation of the bacteria from the tonsils, identification of the bioserotypes, determination of selected virulence factors, macrorestriction analysis, multilocus sequence typing (MLST), and testing of antimicrobial susceptibility. Altogether, tonsils from 17.1% of 111 tested wild boars were positive for Y. enterocolitica by culture methods. All but two isolates belonged to biotype (BT) 1A, with the majority of isolates bearing a ystB nucleotide sequence which was revealed to have 85% identity to internal regions of Y. enterocolitica heat-stable enterotoxin type B genes. The remaining Y. enterocolitica isolates were identified to be BT 1B and did not carry the virulence plasmid. However, two BT 1A isolates carried the ail gene. Macrorestriction analysis and results from MLST showed a high degree of genetic diversity of the isolates, although the region where the samples were taken was restricted to Lower Saxony, Germany, and wild boars were shot during one hunting season. In conclusion, most Y. enterocolitica isolates from wild boars investigated in this study belonged to biotype 1A. Enteropathogenic Y. enterocolitica bioserotypes 4/O:3 and 2/O:9, usually harbored by commercially raised pigs in Europe, could not be identified.
T
he genus Yersinia belongs to the bacterial family Enterobacteriaceae and is actually composed of 18 species (1), with 3 of these species being shown to be human pathogens (Yersinia pestis, Y. pseudotuberculosis, Y. enterocolitica). Y. enterocolitica has been found in a variety of food, animal, and environmental samples and comprises both pathogenic and nonpathogenic strains. It is traditionally subdivided into bioserotypes on the basis of the combination of biochemical and serological tests (2) . Y. enterocolitica species have six biotypes (BTs), of which five (BTs 1B, 2, 3, 4, and 5) contain pathogenic strains, characterized by the presence of the 70-kb virulence plasmid, termed pYV (3, 4) . Because strains of BT 1A lack pYV, they have been regarded as avirulent in the past, although patients with diarrhea and outbreaks of gastrointestinal infections due to BT 1A yersiniae have been reported (5) (6) (7) (8) . The virulence plasmid pYV carries genes encoding adhesin A (YadA), Yersinia outer membrane proteins (Yops) from the type III secretion system, and the transcriptional regulator gene (virF) (4) . Apart from pYV itself, pYV-bearing strains of Y. enterocolitica require a number of chromosomally encoded factors to express full virulence, such as the inv gene, which encodes the primary invasion factor for Y. enterocolitica (9) ; the ail gene, which encodes an outer membrane protein that promotes attachment and invasion (10) ; the rfbC gene, which can be used to identify pathogenic Y. enterocolitica O:3 strains (11); and the ystA gene, which encodes a heat-stable enterotoxin (12) .
The ystB gene, which codes for another heat-stable, mousereactive enterotoxin, is mainly present in BT 1A strains of Y. enterocolitica (13) .
In Europe, Y. enterocolitica strains of BT 4 (serotype O:3) and BT 2 (serotype O:9) are often associated with clinical cases in humans (14) . Swine are an important reservoir of these bioserotypes, and they usually carry the agent asymptomatically in the tonsils (15) . Besides the consumption of raw minced pork, which was identified to be a risk factor for human yersiniosis in Germany, dogs and cats might also act as sources of Y. enterocolitica (3, 16) . Reports on the occurrence of Y. enterocolitica in wild boars (Sus scrofa) are rare, and the epidemiological link between wild boars and domestic pigs is still unknown (17) . Serological investigations in northeastern Germany and in Switzerland detected anti-Yersinia antibodies in more than 60% of wild boars (18, 19) , which is comparable to the results obtained in finishing pigs (20) .
In order to get insight into the occurrence of Y. enterocolitica in wild boars and to estimate the role of wild boars as a reservoir of pathogenic Yersinia species as well as the potential risk of wild boar meat for consumers, we investigated Yersinia isolates from the tonsils of 111 wild boars hunted in Lower Saxony, Germany, with respect to their virulence profiles and phylogenetic affiliation in relation to the sequence types (STs) from humans and pigs described so far.
MATERIALS AND METHODS
Sample collection and isolation of strains. Tonsils were collected from the heads of 111 wild boars hunted in Lower Saxony, Germany, during one hunting season, between November 2012 and January 2013. The an-imals were shot at the weekends and immediately delivered to a butcher specialized for game. Heads were separated on the same day and stored in a cold storage room until sampling of tonsils on Monday mornings. The age of the animals was estimated according to their tooth development. Sampling of tonsils was performed according to the instructions for tonsil sampling given in the Technical Specifications for Harmonised National Surveys on Yersinia enterocolitica in Slaughter Pigs (21) . After they were removed, the tonsils were stored in a sterile plastic bag at room temperature and sent to the laboratory within 1 h. For the isolation of presumptive Yersinia spp., the standardized ISO 10273:2003 method was used (22) . In brief, approximately 10 g of lacerated tonsils was inoculated in nine times the mass of prewarmed peptone-sorbitol-bile-salt (PSB) broth (SigmaAldrich, Munich, Germany) to give a 1:10 dilution. After incubation for 2 to 3 days at 25°C with shaking, a volume of 500 l of the enrichment broth was transferred into 4.5 ml of a 0.25% potassium hydroxide (KOH) solution and mixed for 20 s. Subsequently, 1 ml of the inoculated KOH solution and 1 ml of the PSB enrichment broth were spread over at least five cefsulodin-irgasan-novobiocin (CIN) agar plates (bioMérieux, Nürtin-gen, Germany). The agar plates were incubated at 30°C for 24 h. In parallel, 10 ml of the initial PSB enrichment broth was transferred into 90 ml of prewarmed irgasan-ticarcillin-potassium chlorate (ITC) broth (SigmaAldrich, Munich, Germany) to give a 1:100 dilution. After incubation at 25°C for 48 h, a total of 1 ml of the ITC enrichment broth was spread over five Salmonella-Shigella-deoxycholate-calcium chlorate (SSDC) agar plates (Merck, Darmstadt, Germany). The agar plates were incubated at 30°C for 24 to 48 h. Both the SSDC and the CIN agar plates were checked for characteristic colonies with a bull's-eye appearance using a stereomicroscope.
Species identification by MALDI-TOF MS and cultivation of isolates.
Five presumptive Yersinia colonies per sample were subcultured on Luria-Bertani (LB) agar plates. After incubation for 24 h at 30°C, one inoculation loop of bacteria was prepared as described earlier (23) and loaded into a matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) system (Microflex LT; Bruker Daltonics). The mass spectrometry fingerprint was generated with Bruker real-time classification software (version 3.0) and analyzed by using the MALDI biotyper database (last update, October 2012). The database contains the profiles from 11 Yersinia species; however, the profiles from Y. pestis strains are not included. Biotyping and serotyping. The isolates were serotyped by a slide agglutination test using Y. enterocolitica commercial antisera for the antigens O:3, O:5, O:8, O:9, and O:27 (Sifin, Berlin, Germany). To exclude autoagglutination, 1 drop of a 0.9% saline solution was mixed with the bacterial culture material prior to serotyping. Biotyping was performed at the National Reference Center for Salmonella and Other Bacterial Enteric Pathogens, Robert Koch Institute, Wernigerode, Germany. The isolates were biotyped on the basis of pyrazinamidase and Tween activity; esculin hydrolysis; indole production; and salicin, xylose, and trehalose fermentation tests according to the ISO 10273:2003 method (2, 22) .
DNA isolation, 16S rRNA gene sequencing, and identification of virulence markers. Genomic DNA was extracted by using a DNeasy tissue kit (Qiagen, Hilden, Germany). For species confirmation, a part of the 16S rRNA gene comprising 458 bp of the 533-bp PCR product was amplified by PCR and sequenced. For this, the FD1mod and r533 primer pair was used, and the cycling conditions were those used in a previously described protocol (24) . For the detection of the chromosomal gene ail, a real-time PCR assay described by Maede et al. (25) was performed on a LightCycler 480 II instrument (Roche Diagnostics, Mannheim, Germany). In addition, the presence of further chromosomal virulence genes (ystA and ystB) and the plasmid-borne virulence genes yadA, virF, and yopT was investigated by PCR amplification as described earlier (26, 27) .
MLST and macrorestriction analysis. The sequence types of all Y. enterocolitica isolates were determined by multilocus sequence typing (MLST) and by use of the Yersinia MLST website (http://pubmlst.org /yersinia/) (28) . New MLST types were assigned by the MLST database curators. The affiliation to groups of related genotypes was determined by using the software eBURST (29) . Macrorestriction analysis was performed to investigate the clonality of the isolates. NotI (Roche Diagnostics, Mannheim, Germany)-digested fragments of genomic DNA were separated in a CHEF DR II system (Bio-Rad, Munich, Germany) as described by Liang and coworkers (30) . The total run time was 19 h, and 0.5ϫ Tris-borate-EDTA buffer was used as the running buffer. The pulse time was increased from 2 to 20 s over the entire run time. The gels were stained with ethidium bromide and analyzed using BioNumerics software (version 7.0; Applied Maths, Sint-Martens-Latem, Belgium). The band patterns were analyzed using the Dice coefficient with 0.5% optimization and 1% position tolerance.
Antimicrobial susceptibility testing. Testing of susceptibility to a panel of 14 antibiotics/antibiotic combinations was performed by broth microdilution following the recommendations given in Clinical and Laboratory Standards Institute (CLSI) documents M07-A9 (31), M100-S22 (32), and VET01-S2 (33). For quality control purposes, Escherichia coli ATCC 25922 was used as a reference strain.
RESULTS AND DISCUSSION
In recent years, a couple of studies on the presence of bacterial zoonotic pathogens, including Yersinia spp., in wild boars aimed at estimating the role of wild boars as a reservoir for pathogens have become available (18, 19, (34) (35) (36) . It could be shown that wild boars might act as reservoirs for various pathogens, e.g., Brucella suis, nontoxigenic tox-bearing Corynebacterium ulcerans, and hepatitis E virus (37) (38) (39) . The purposes of those investigations were to evaluate the risk of transmission of pathogens to domestic pigs or to estimate the risk that consumers would become infected, considering the increased popularity of wild boar meat. However, a relationship between enteropathogenic Yersinia isolates from wild boars and isolates from domestic pigs or humans was not identified.
In order to gain knowledge on the occurrence of Y. enterocolitica in wild boars, the tonsils of 111 wild boars hunted in Lower Saxony, Germany, were investigated. (In total, the number of wild boars shot during the 2012-2013 hunting season in Lower Saxony was 49,881 [40] , far greater than our sample size.). Altogether 17.1% of the wild boars' tonsils were positive for Y. enterocolitica, while two boars (1.8%) carried isolates identified to be Y. frederiksenii. All isolates were identified by MALDI-TOF MS, and results were confirmed by 16S rRNA gene sequencing ( Table 1) . The sequenced 458-bp regions corresponded exactly (or showed a single-base-pair exchange) to Y. enterocolitica 16S rRNA gene sequences deposited in the GenBank database (accession no. (41) . Y. pseudotuberculosis was not detected in any of the samples; however, CIN and SSDC agar plates were not designed for isolation of this species (19) . Antimicrobial susceptibility testing revealed that all Yersinia isolates showed ampicillin MIC values of Ն32 mg/liter, and therefore, these isolates were classified as resistant, while the isolates were susceptible to or exhibited low MIC values for all other antimicrobial agents tested. Hence, the resistance profiles of the Yersinia isolates tested differed from those of the livestock isolates, which, in some cases, exhibit resistance to sulfonamides, tetracycline, or streptomycin, in addition to ampicillin (42, 43) . The majority of the isolates belonged to BT 1A (89.5%); the exceptions were two isolates identified to be BT 1B ( Table 1 ). The absence of the plasmid-borne genes (yadA, yopT, and virF) confirmed the lack of plasmid pYV and the results of biotyping (Fig.  1) . Among all Y. enterocolitica biotypes, BT 1A is regarded as the most heterogeneous biotype and includes a wide range of serotypes. Of these, strains of serotypes O:5, O:6,30, O:6,31, O:7,8, and O:10 and O-nontypeable strains are isolated the most often (5) . In the present study, the isolates were tested only for the most relevant serotypes causing gastroenteritis in humans in Europe, and serotyping succeeded for only two isolates, belonging to serotypes O:5 and O:8 (Fig. 1) . Because of the restricted availability of commercially available sera, most isolates had to be referred to as nontypeable by serotyping. Molecular analysis for virulence markers detected the ail gene in two Y. enterocolitica isolates of BT 1A, and these isolates lacked other classical virulence genes besides ystB (Fig. 1) . Regarding the minimum spanning tree, both STs of the ail-positive isolates (ST114 and ST159) were genetically distant from each other (Fig. 2) . The ail gene is often used to differentiate pathogenic from nonpathogenic Yersinia strains, even though ailpositive BT 1A isolates were recently reported, leading to the conclusion that methods which are exclusively based on the detection of ail genes are insufficient to distinguish between pathogenic and nonpathogenic strains (17, 44, 45) . In contrast to our results, 14 out of 17 enteropathogenic Yersinia isolates recovered from wild boars shot between 2007 and 2008 in Switzerland were identified to be Y. enterocolitica and carriers of the chromosomal virulence gene marker ail (19) . Of these, 5, 4, and 3 isolates were assigned to bioserotypes 4/O:3, 2/O:9, and 2/O:5,27, respectively (19) . Whether the deviating findings of the Swiss study (19) and the present study are based on differences in the methodologies used for the isolation of Y. enterocolitica or represent an uneven geographical distribution of isolates remains to be clarified.
The ystB gene was found in all Y. enterocolitica isolates except two, one of which belonged to BT 1B and one of which belonged to BT 1A (Fig. 1) . To exclude the possibility of mispriming, PCR experiments and subsequent sequencing of the ystB PCR amplicons were conducted. Sequence analysis was performed with the program nucleotide BLAST (http://blast.ncbi.nlm.nih.gov /Blast.cgi). The ystB nucleotide sequence revealed 86% and 85% identities to internal regions of ystB genes from beavers (GenBank accession no. KJ592627 and KJ592626.1) and from a human clinical isolate (GenBank accession no. D88145.1), respectively. However, the presence of the complete gene and its functionality still need to be examined.
Two Y. enterocolitica isolates were identified to be BT 1B (Fig.  1) , which is considered highly pathogenic for humans (46) . However, neither isolate carried the virulence plasmid, calling their pathogenic potential into question.
Among the 19 Y. enterocolitica isolates, 18 different macrorestriction patterns were detected (Fig. 1) . Only two isolates obtained from the same quarry showed indistinguishable NotI restriction endonuclease digestion profiles. As described previously, macrorestriction analysis and results from MLST showed a high degree of genetic diversity of the Y. enterocolitica BT 1A isolates and generated using BioNumerics software (Applied Maths, Sint-Martens-Latem, Belgium). The Arabic numbers indicate the ST assignment. The colored areas around the circles represent single-locus variants. The length of the connecting lines is proportional to the number of different MLST alleles. Green, isolates of human origin; yellow, isolates of animal origin; white, the origins of the isolates were not defined in the MLST database. The sizes of the circles are proportional to the number of isolates. The position of the Y. enterocolitica isolates within the population from wild boars collected during this study (including all MLSTs) is indicated by a red edge. 
